Supporting information
Asperphenamate biosynthesis reveals a novel two-module NRPS system to synthesize amino acid esters in fungi 
Supplementary Methods

Strains, media and growth conditions
The fungal strains used in this study are summarized in Table S1 . 
Sequence analysis
Initial prediction and analysis of the asperphenamate biosynthesis gene cluster (apm) was carried out using antiSMASH (http://antismash.secondarymetabolites.org/). The functional prediction of the open reading frames (ORFs) encoding proteins was performed using on-line BLAST methods (http://blast.ncbi.nlm.nih.gov). Detailed prediction of NRPS domains was performed using NRPSpredictor2
(http://nrps.informatik.uni-tuebingen.de). The genes in apm cluster were named apmA-D (Table 1 ). The accession numbers for apmA and apmB are KX443597.1 and KX443596.1, respectively.
Gene cloning and plasmid construction
Plasmids used in this study are listed in Table S2 and the oligonucleotide sequences synthesized by Shanghai Sango Biotech are given in Table S3 . PCR amplification was carried out using the TransStart ® FastPfu DNA polymerase (Transgene Biotech) or Phusion ® High-Fidelity DNA Polymerase from New England Biolabs (NEB) on a T100 TM Thermal cycler from Bio-Rad. PCR screenings for transformants were performed by using 2  Taq Mix kit from TIANGEN BIOTECH. All the restriction enzymes used in this study were purchased from New England Biolabs (NEB).
Plasmids preparation, digestion with restriction enzyme and gel electrophoresis were performed by standard methods. 3 To generate the NRPS gene deletion cassettes, we used Double-joint PCR strategy as described previously. 4 Briefly, hygromycin B was amplified from the plasmid pUCH2-8 (Table S2 ). Around 1.5 kb fragments upstream and downstream of the genes of apmA, apmB, apmC and apmD were amplified from P. brevicompactum genomic DNA using the designed primers, respectively (Table S3 ).Three PCR fragments were fused to one fragment each and then connected to the pGEMT vector with T4 ligase to give plasmids pYWL9, pYWL10, pYWL13, pYWL18, respectively (Table S2 ).
To construct the heterologous expression vectors, SOE (splicing by overlapping extension)-PCR and yeast based assembly approaches were used. 5 For construction of NRPS expression vector, we firstly created the plasmid pYWL27 with Aspergillus nidulans gpdA promoter integration into pYH-WA-pyrG (Table S2) . AngpdA promoter was amplified from A. nidulans genomic DNA using primers pgpdA-for and pgpdA-rev (Table S3 ) was inserted into the corresponding sites of pYH-WA-pyrG with Quick-change method. NRPSs apmA and apmB (including four PCR fragments with overlapping regions (about 150bp) were amplified from P. brevicompactum cDNA or genomic DNA using the corresponding primers (Table S3) . Then, cDNA fragments were assembled with SwaI digested pXW55, gDNA fragments were assembled with NheI digested pYWL27orNotI digested pYWB2 and transformed into S. cerevisiae BJ5464-NpgA using the S. c. EasyComp Transformation Kit (Invitrogen). The yeast colonies obtained were analysed by PCR screening. Yeast plasmids were isolated by using the Zymoprep (D2001) Kit (Zymo Research) and transformed into E. coli DH5.
All plasmids including pYWL40, pYWL41, pYPZ27, pYPZ28 and pYWL52 were verified by restriction enzyme digestion.
Genetic manipulations and knock-out of P. brevicompactum
For the creation of deletion strains of apmA, apmB, apmC and apmD genes in P.
brevicompactum based on the homologous recombination strategy, the deletion cassettes were amplified from the template pYWL9, pYWL10, pYWL18 andpYWL13 using corresponding primers (Table S3) . Then, the resulted deletion cassette DNA fragments were transformed into P. brevicompactum by protoplast transformation referenced previously. successively. Protoplasts were gently mixed with DNA and incubated for 50 min on ice.
1.25 ml of PEG 6000 solution (60% PEG 6000, 50 mM CaCl 2 , 50 mMTris-HCI, pH 7.5) was added for 100 l protoplast mixture, incubated at room temperature for 20 min and plated on regeneration selection medium (PDA, 1.2 M sorbitol, 80 g/ml hygromycin B). Hygromycin B resistant colonies were selected after culturing on PDA at 28 °C for 4 days. The disruption mutants were inoculated to screen on PDA medium (100 g/ml hygromycin B) and verified by using diagnostic PCR with primers inside and outside the corresponding gene (Table S3 ). The genotypes of all mutants were verified by PCR (Fig. S2) .The spores of transformants were inoculated on LMM medium stationary incubation for about 2 days for gDNA isolation. Table   S3 .
Phylogenetic analysis of NRPS C-terminal reductase (R) domains
NRPS domain structures were identified by using multiple alignments and Pfam analysis. NRPS R domains were selected from P. brevicompactum, A. terrus and A.
aculeatus for the comparison with (1) C-terminal reductase domains of high identity (over 60%) known fungal tetramate synthases, (2) known redox-active C-terminal reductase domains from selected nonribosomal peptide synthetases, and (3) selected structurally characterised short-chain reductase/dehydrogenases. 6 The sequences of each C-terminal reductase (R) domains from NRPS were aligned using the program BioEdit (ver.7.0.9) and ClusterW analysis. Then, the sequence data were determined for the most optimal substitution model. The rates among sites using the function "Find the Best DNA/Protein Models (ML)" of MEGA version 6, and Kimura-2 parameter substitution model and Gamma distributed with Invariant sites (LG+G)
were found to be the best, gaps were treated as partial deletion according to the description by Hall. 7 All the sequence matrices were analysed using the ML method and subjected to 1000 bootstrap replications.
Heterologous expression of the apmA and apmB gene in A. nidulans
Aspergillus nidulans strain LO8030 was used as the recipient host. 1 Fungal protoplast preparation and transformation were performed according to the method described previously. 5 The NRPS apmA containing plasmid pYPZ27, NRPS apmB containing plasmid pYPZ28 and the empty vector pYWL27 were transformed into the host strain A. nidulans LO8030 to create the apmA or apmB expression strain TYWL6, TYWL7
and the control strain TYWL8, respectively (Table S1 ). The NRPS apmA containing plasmid pYWL52 was transformed into the mutant strainTYWL7 to create the apmA and apmB expression strain TYWL14. Transformants were verified using diagnostic PCR with appropriate primers (Table S3 ). GMM and LMM medium were used to cultivate the transformants for HPLC analysis of secondary metabolites.
Feeding assays
For feeding of P. brevicompactum strains with compounds (solubilized in DMSO), 
9.1).
For feeding assays in yeast, S. cerevisiae strain BJ5464-NpgA with/without plasmid pYWL40 (apmA expression) were inoculated in the appropriate SDCt(A,T) medium for 3 days, and further cultured in 20 ml of YPD for 4 days. S. cerevisiae with plasmid pYWL41 (expressing apmB) were inoculated in the 500 ml YPD medium for 3 days, and then the cultures were concentrated to 60 ml and 60 µg/ml compound 4 and 5
and 30 µg/ml 3 (final concentration) were added for further cultivation for 4 days, followed by extraction with EtOAc and HPLC analysis.
Isolation of compound 1
Compound 1 was isolated from a 3-day culture of P. brevicompactum grown on YES medium or a 6-day culture of TYWL7 grown on GMM medium by repeated column purification and semi-preparative HPLC and characterised by NMR, which corresponded well to the published data, respectively. 
Chemical synthesis of compound 2
Compound 2 was synthesized according to the reported method. 10 The A solution of compound 4 (2.3 mmol) and Na 2 CO 3 (6.88 mmol) in water (7 ml) was added to a solution of activated benzoic acid (2.28 mmol) in CH 2 Cl 2 and stirred for 2 h.
After removal of the solvent under reduced pressure, the residue was acidified with 1N HCl. The precipitate was extracted with EtOAc, washed with brine, then dried over Na 2 SO 4 . After evaporation of the solvent, the residue was purified with HPLC (MeCN:
Chemical synthesis of compound 2-SNAC
Compound 2-SNAC was synthesized according to the reported method. Bruker Avance-500 spectrometer.
Chemical analysis and characterisation of compounds
For structural elucidation, the isolated products were subjected to NMR and MS 
